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Obs4MIPs data requirements

- be based on a parent observations dataset that: 
- history of peer reviewed publications 
- version controlled
- resides in a long term archive 

- time period long enough to be of use for model comparison (5 years)

- match a model variable in the CMIP5 protocol

- be converted to the obs4MIPs format 
- no additional processing beyond editing, binning, averaging, interpolation 
- netCDF, CF convention, gridded

- estimate of the uncertainty of the dataset values (quality flags are insufficient)

- be accompanied by a technical note using obs4MIPs technical note template.
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Relevant aerosol variables in CMIP5 protocol

- Ambient Aerosol Optical Thickness at 550 nm od550aer

- Ambient Aerosol Optical Thickness at 870 nm od870aer

- Ambient Aerosol Extinction at 550 nm (stratosphere only)  ec550aer

- Ambient Fine Aerosol Optical Thickness at 550 nm od550lt1aer

- Ambient Aerosol Absorption Optical Thickness at 550 nm abs550aer

- Load of Dust (column mass) loaddust



Sources of information (1)

http://wdc.dlr.de/data_products/AEROSOLS/index_oss.php

http://wdc.dlr.de/data_products/AEROSOLS/index_oss.php


Sources of information (2)

http://www.esa-aerosol-cci.org/

http://www.esa-aerosol-cci.org/


Sources of information (3)

http://aero-sat.org/

http://aero-sat.org/


Validation / inter-comparison



Technique(s) product resolution period
Nadir 1-2 bands

AVHRR
AOD (ocean) 1 km

daily
1981 -

Nadir multispectral
MODIS, VIIRS

SeaWIFS, MERIS
(FY3-MERSI)

dark field, deepblue

AOD
FMAOD (ocean)
SSA (deepblue)

10 (3) km 
2days

1997 -

Dual view
ATSR-2 / AATSR

AOD
Ångström

(AOD fractions)

10 km
6 days

1995 - 2012

Multiangle
Multispectral

MISR

AOD
AOD fractions 

SSA (qual.)

18 km
9 days

2000 -

Polarization
Multiangle

Multispectral
POLDER

AOD + fractions
dust AOD

SSA, refr. index

6 km
2 days

1996/7
2003/4

2005 – 2013

Retrieval techniques and aerosol variables (1)
MISR                                   



Retrieval techniques and aerosol variables (2)

Technique(s) product resolution period
UV 2-band ratio

TOMS / GOME / SCIAMACHY/ 
GOME-2 / OMI

AAI 13-50 km
daily

1978 -

Thermal emission
AIRS, IASI

Dust AOD 10µm
Effective radius

altitude

50 km
2days

Day+night
2003 -

Daily accumulation
SEVIRI, GOESS

(FY2-VISSR)

AOD Euro/Africa, US 
(China)

3km
hourly

(NRT)

Lidar
CALIOP

AOD
extinction prof.
aerosol type

Strips
5km

Day+night

2006 -



Retrieval techniques and aerosol variables

Technique(s) product resolution period
Limb solar 
occultation

SAM, SAGE, OSIRIS

extinction profile 
(stratosphere)

2.5°
monthly

1975 -

Star occultation
GOMOS

extinction profile + 
AOD (stratosphere)

2.5°x10°
monthly

2003 - 2012



ESA / NASA complementary AOD time series



AOD uncertainties



Cloud mask consistency

64.9%13.1% 21.6% 0.3%



Experimental Aerosol_cci datasets in progress

AOD, Ångström MERIS (land) 2008, global

AOD, aerosol type SCIAMACHY/AATSR (SYNAER) 3/6/9/12 2008,
global

AOD, Ångström AATSR/MERIS 3/6/9/12 2008,
global

Stratospheric extinction
profiles

GOMOS/OSIRIS (merged ) 2003, global

AOD,
aerosol properties

POLDER (GRASP algorithm) Example scenes,
land

Absorbing AOD (SSA) AATSR (glint) Examples,
glint areas



Mixing aerosol components
(AEROCOM – AERONET climatology)

aerosol 
component

refractive
index,  
real part 
(0.55mm)

refractive
index,
imaginary part 
(0.55mm)

reff (mm) geometric 
standard 
deviation (σi) 

variance
(ln σi)

mode  radius 
( mm)

comments aerosol 
layer 
height

Dust 1.56 0.0018 1.94 1.822 0.6 0.788 non-spherical 2-4km

sea salt 1.4 0 1.94 1.822 0.6 0.788 AOD threshold 
constraint

0-1 km

fine mode 
weakly 
absorbing

1.4 0.003 0.140  1.7 0.53 0.07 (ω0 at 0.55 mm: 
0.98)

0-2 km

fine mode 
strongly 
absorbing

1.5 0.040 0.140 1.7 0.53 0.07 (ω0 at 0.55 mm: 
0.802)

0-2 km



Aerosol retrieval from SCIAMACHY + AATSR (ENVISAT)

Information content for aerosol composition (SYNAER)



IASI (TIR sensor): mineral dust load
Mineral Dust mass load in October 2008



Absorbing aerosol index (AAI) simulator



Core-Climax maturity matrix („Bates index“)



Conclusions (1)

- Available satellite aerosol datasets
- AOD (multi-spectral) is key variable
- Resolution at best hourly / daily – 10 km (3 km)
- Period back to 1995 (1978)
- Additional qualitative information is available

- AAI, Ångström coefficient, mixing fractions
- Need validation

- Pixel uncertainties are emerging
- More work ongoing on additional aerosol properties (fine 

mode AOD, SSA)
- Limitations for validation exist (oceans, Southern 

hemisphere, properties)
- International coordination



Conclusions

- Aerosol_cci (Phase 2) will
- Produce European full mission time series (2016/2017)
- Consolidate uncertainties, consistency
- Assess potential for aerosol typing (e.g. UV-VIS-TIR)
- Conduct round robins for absorption, layer height

- General CCI feedback
- Modelers should use uncertainties / not only variance of 

several datasets
- Documentation should exactly specify spatial grid 

(avoiding shifts)
- Land cover / probability masks become available



GCOS / Aerosol_cci requirements

variable resolution accuracy Stability
[/ decade]Horizontal

[km]
Vertical
[km]

Temporal 

Aerosol 
optical depth 
(column)

5-10 N / A 4 h Max (0.03; 
10%)

0.01

Single 
scattering 
albedo 
(column)

5-10 N / A 4 h 0.03 0.01

Aerosol layer 
height

5-10 N / A 4 h 1 km 0.5 km

Aerosol 
extinction 
coefficient 
(profile)

200-500 1k (~10km)
2k (~30km)

1 week 10% 20%

Satellite variable 
(reference dataset)

required RMS at 
superpixel level of 
10x10 km 2

required RMS at climate 
model grid level of 1°x1°

required RMS at 
regional level of 
1000x1000 km 2

Aerosol optical depth at 
550nm and other 
wavelengths (Aeronet 
global dataset daily 
mean)

20% or 0.05 10% or 0.02 0.02

Fine mode fraction 
(Aeronet global dataset 
daily mean)

20% or 0.1 20% or 0.1 0.1

Dust fraction (Coarse 
fraction from Aeronet 
global dataset in known 
dusty conditions daily 
mean)

30% or 0.2 30% or 0.2 30% or 0.2

Absorption optical 
depth (Absorption 
optical depth computed 
from SSA and size of 
Aeronet daily mean)

20% or 0.05 20% or 0.02 0.02


